Recently, various correlated photoionization processes in helium were calculated by direct solution of the timedependent Schrödinger equation ͓1͔. Cross sections for simultaneous photoexcitation and photoionization, as well as double photoionization, were calculated by the time propagation of a coupled set of two-dimensional partial differential equations on a numerical lattice. This method utilized distributed memory parallel computers by partitioning the two-dimensional radial wave function over many processors. The calculated cross sections for helium were found to be in excellent agreement with recent benchmark experiments carried out at synchrotron light source facilities ͓2-4͔. At present photoionization experiments on two-electron atomic ions are only in the planning stages. As a guide to future experiments and for comparison with existing theoretical predictions ͓5-7͔, we present in this Brief Report further lattice solutions of the time-dependent Schrödinger equation for correlated photoionization processes in the negative hydrogen ion.
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The ground state of H Ϫ is found by relaxation of the time-dependent Schrödinger equation in imaginary time ( ϭit):
where H atom is the nonrelativistic Hamiltonian for the threebody system with the nucleus at the origin of the coordinate system. operators in H atom , the initial choice of a spatially symmetric wave function is preserved throughout the imaginary time propagation of the Schrödinger equation. Relaxation was carried out using two different lattice spacings, ⌬rϭ0.2 and ⌬rϭ0.1. On the coarse mesh the final energy for the ground state of H Ϫ is found to be E 0 ϭϪ0.5220 a.u., while on the fine mesh the energy is E 0 ϭϪ0.5260 a.u. The energy on the fine mesh is within 0.3% of the exact energy of Ϫ0.5277 a.u. On the coarse mesh the ionization potential of H Ϫ is found to be 0.726 eV, while on the fine mesh it is 0.741 eV. The experimental ionization potential is 0.755 eV. The probability density associated with the P ss 1 S (r 1 ,r 2 , ϭ100 a.u.) radial wave function on the coarse mesh is shown in Fig. 1 . The butterfly shape is characteristic of a two-electron system in which one electron is near the nucleus while the other electron extends to much larger dis- 
where H rad is the Hamiltonian for interaction with a timedependent radiation field. The second term on the right-hand side acts as a source for the time evolution of (r 1 ជ ,r 2 ជ ,t), which is set to zero at time tϭ0. The full time-dependent Schrödinger equation may be recovered by adding a term H rad (r 1 ជ ,r 2 ជ ,t) to the right-hand side of Eq. ͑3͒. The expansion for the total wave function of H Ϫ is given by ͑r 1 ជ ,r 2 ជ ,t ͒ϭ 1 r 1 r 2 ͓ P sp 1 P ͑r 1 ,r 2 ,t͒Y sp P ϩP pd 1 P ͑r 1 ,r 2 ,t͒Y pd
plus a similar expansion with r 1 ជ and r 2 ជ interchanged. Substitution of Eq. ͑4͒ into Eq. ͑3͒ yields six coupled partial differential equations for the six reduced radial wave functions. After time propagating the coupled equations for 10 optical periods, photoionization probabilities are extracted by projecting the total wave function onto bound lattice eigenstates of the one-electron hydrogen atom. Cross sections for photoionization with excitation and for double photoionization are then calculated from the rate of change of the photoionization probability divided by the photon flux.
We calculated correlated photoionization cross sections for H Ϫ at six energies well above the complete photofragmentation threshold of 14.36 eV. Two lattices are employed: one with 300ϫ300 points and ⌬rϭ0.2 and a second with 600ϫ600 points and ⌬rϭ0.1. Our cross section results are presented in Tables I and II . There is little change in the cross section values for H Ϫ in going from the coarse to the fine mesh, in contrast to the 5% to 10% change found in the same type of cross section values for He ͓1͔. This is due in part to the larger radial extent of the H Ϫ ground-state wave function. Also, changing the overall box size of the lattice from Rϭ60 had little effect on cross sections and ratios at the chosen photon energies. Besides the check on lattice size and spacing, we carried out further calculations at 20 eV with larger wave-function expansions. Adding a P f f 1 S (r 1 ,r 2 ,)Y f f S term to Eq. ͑2͒ changed the energy E 0 by 0.04%, while adding the terms P f g 1 P (r 1 ,r 2 ,tY f g P and its interchange to Eq. ͑4͒ changed the cross sections by at most 5%.
The total photoabsorption cross sections for H Ϫ reported in Table II are within 10% of the total cross sections reported by Broad and Reinhardt ͓5͔ in the energy region above the total fragmentation threshold. The double photoionization cross sections for H Ϫ in Table II fall within the length and velocity gauge variational configuration-interaction calculations of Nicolaides et al. ͓6͔ for the higher photon energies ͑35 eV to 50 eV͒, but are substantially above the length gauge calculations at the lower photon energies ͑20-30 eV͒. The double to single photoionization cross section ratios for H Ϫ in Table II are compared with the recent timeindependent R-matrix results of Meyer, Greene, and Esry ͓7͔ in Fig. 2 . Although the double to single ratios for H Ϫ reported by Meyer et al. are surprisingly large when compared to the ratios for He and the past calculations by Broad and Reinhardt ͓5͔ for H Ϫ , we find very good agreement between the time-dependent close-coupling and time-independent Rmatrix methods over the entire energy range. The double ionization cross section is a smooth function of energy; the small structure found in the time-independent R-matrix method is due to pseudoresonances.
In summary we have applied the time-dependent closecoupling method to calculate various correlated photoionization processes in H Ϫ . The double to single photoionization cross-section ratios for H Ϫ are almost twice as large as those found for He ͓1͔, but are in very good agreement with recent R-matrix method results ͓7͔. We hope these theoretical predictions for H Ϫ will serve to inspire future experimental measurements of correlated photoionization processes in this, the simplest of all negative atomic ions.
